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(57) ABSTRACT

A multi-purpose 1mpact sensor, preferably used 1n burglar-
alarm systems for automobiles or in security systems for
access control areas, 1s disclosed. In the multi-purpose
impact sensor, an anode plate having a surface area 1s set
within a metal case, while an elastic and oscillatable cathode
plate, having a high restitution, 1s set within the case at a
position above the anode plate. An annular spacer, having a
predetermined thickness, 1s positioned between the anode
and cathode plates. Anode and cathode holding rings stably
hold the anode and cathode plates at positions above and
under the two plates, thus accomplishing a stable arrange-
ment of the annular spacer and the two plates within the
case. A PCB 1s positioned under the anode holding ring. An
amplifying device 1s positioned between the PCB and the
anode plate. The multi-purpose 1impact sensor of this mnven-
fion has a simple construction, 1s reduced i1n size and
accomplishes a desired operational reliability of such a
system.

8 Claims, 6 Drawing Sheets
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1
MULTI-PURPOSE IMPACT SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to multi-purpose 1mpact
sensors suitable for use m burglar-alarm systems for auto-
mobiles or 1n security systems for access control areas.

2. Description of the Prior Art

As well known to those skilled 1n the art, burglar-alarm
systems for automobiles or security systems for access
control areas are conventionally provided with impact
sensors, such as piezo-electric sensors or magnetic-coil
SENSOrS.

A conventional piezo-electric impact sensor 1s operated as
follows. That 1s, when external impact 1s applied to the piezo
vibration plate of a piezo-electric impact sensor, the capaci-
tance of the vibration plate 1s changed. In such a case, the
sensor amplifies the capacitance signal and senses the exter-
nal impact. However, such a piezo-electric impact sensor 1s
problematic 1n that 1t uses a vibration plate made of corro-
sion liable metals. Due to such a corrosion liable vibration
plate, the piezo-electric sensor 1s shortened 1n the expected
life span, and so 1t 1s necessary to frequently change the
existing sensor of a system with a new one. In addition, the
sensitivity of the piezo-electric sensors 1s easily reduced due
to such corrosion liable vibration plates. This finally reduces
the operational reliability of the systems.

On the other hand, a conventional magnetic-coil sensor 1s
operated as follows. That 1s, when external impact 1s applied
fo a magnet hung on a flexible suspending means, for
example, made of rubber, the magnet 1s vibrated. In such a
case, an 1nduced voltage 1s generated by a coil positioned
around the magnet prior to being amplified, thus allowing
the sensor to sense the external impact.

However, it 1s necessary for such a magnetic-coil sensor
to be provided with a means for suspending the magnet. In
addition, a coil, having a magnetic core, has to be arranged
around the suspended magnet. Therefore, the magnetic-coil
sensor 1s problematic 1n that the process of assembling the
sensor 1S complicated. In addition, the size of the magnetic-
coll sensor 1s undesirably larger than the other elements of
a system due to both the suspending means and the coil.

In the prior art, ultrasonic sensors or infrared sensors,
designed to sense a movement of an intruder, may be used
in the burglar-alarm systems for automobiles or in the
security systems for access control arcas. However, 1t 1s
necessary for these types of sensors to emit powerful ultra-
sonic rays or infrared rays, and so the sensors exceedingly
consume electric power. Another problem of the ultrasonic
or 1infrared sensors resides 1n that they are expensive and are
undesirably limited 1n sensing area. In addition, such ultra-
sonic or infrared sensors are designed to sense any move-
ment without discrimination, thus frequently raising unnec-
essary alarms. This limits use of the ultrasonic or infrared
SENSOTS.

In an effort to overcome such problems, the 1nventor of
this 1nvention proposed a multi-purpose 1mpact sensor in
Korean Patent Application No. 1994-19393. The above
multi-purpose 1mpact sensor 1s designed to sense an air
vibration within a sealed space using a condenser
microphone, with the air vibration being caused by external
impact applied to the sensor.

In the above multi-purpose 1mpact sensor, a metal weight
1s mstalled at the top portion within a sealed elastic rubber
cap while being movable 1n all directions, with a condenser
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2

microphone being installed at a position under the weight.
When external impact 1s applied to the sensor, the metal
welght swings while changing the pressure within the sealed
rubber cap. The changed pressure of air or the air vibration
within the sealed cap 1s transmitted to the condenser
microphone, thus allowing the microphone to generate an

clectric signal.

The above-mentioned multi-purpose impact sensor 1s free
from corrosion different from the conventional piezo-
clectric sensors. Another advantage of the multi-purpose
impact sensor resides in that 1t accomplishes a desired
sensitivity and has a small volume while being produced at
low cost different from the conventional magnet-coil sen-
sors. The multi-purpose 1mpact sensor 1s designed to con-
serve electric power and to be usable for various purposes
different from the conventional ultrasonic or infrared
sensors, thus being preferably and widely used for multi-
PUrpose.

However, the above multi-purpose 1impact sensor 1s prob-
lematic in that it 1s necessary to form a sealed rubber cap for
allowing the vibration plate of the condenser microphone to
be vibrated by external impact. In order to prevent the sensor
from malfunctioning by unexpected air currents or noises
other than external impact, a protection cap has to be
installed outside the sealed rubber cap. During the process of
producing the multi-purpose impact sensor, the rubber cap
has to be hermetically sealed using a special adhesive. This
reduces productivity and increases the production cost while
producing such impact sensors.

In the above multi-purpose 1mpact sensor, it 1S necessary
to use a spring, which holds the weight while allowing the
welght to swing 1n response to external impact. Such a
spring enlarges the volume of the sensor and complicates the
process of producing the sensors. It 1s also very difficult to
precisely set the elastic modulus of the spring during a heat
treatment process for the spring. This finally allows the
sensifivity of the sensor to be nonuniform.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keep-
ing 1n mind the above problems occurring in the prior art,
and an object of the present 1nvention 1s to provide a
multi-purpose 1mpact sensor, which 1s suitable for use in
burglar-alarm systems for automobiles or in security sys-
tems for access control areas, and which has a simple
construction, reduced 1n size and accomplishes a desired
operational reliability of such a system.

In order to accomplish the above object, the present
invention provides a multi-purpose impact sensor, compris-
ing: a metal case; an anode plate having a surface area and
being set within the case, an elastic and oscillatable cathode
plate having a high restitution and being set within the case;
an annular spacer having a predetermined thickness and
being positioned between the anode and cathode plates;
anode and cathode holding rings used for stably holding the
anode and cathode plates so as to accomplish a stable
arrangement of the annular spacer and the two plates within
the case; a printed circuit board (PCB) positioned under the
anode holding ring; and an amplifying device positioned
between the PCB and the anode plate.

Due to the above-mentioned construction, the multi-
purpose 1mpact sensor of this invention is free from a sealed
space, a sealed structure or a spring different from conven-
tional 1mpact sensors. The sensor thus has a simple
construction, and so 1t 1s easily produced through a simple
process while accomplishing high productivity and accom-
plishing a desired operational reliability.
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3
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advan-
tages of the present invention will be more clearly under-
stood from the following detailed description taken 1n con-
junction with the accompanying drawings, in which:

FIG. 1 1s a perspective view, showing the appearance of
a multi-purpose 1mpact sensor of the present invention;

FIG. 2 1s an exploded perspective view, showing the
construction of the 1mpact sensor according to the primary
embodiment of this invention;

FIG. 3 1s a sectional view of the impact sensor of FIG. 2;

FIG. 4 1s a circuit diagram, showing the electric construc-
fion of the impact sensor according to this mnvention;

FIG. 5 1s a sectional view, showing the construction of a
multi-purpose 1mpact sensor according to the second
embodiment of this invention; and

FIG. 6 1s an exploded perspective view, showing the
confliguration of a cathode plate 1n accordance with the third
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a perspective view, showing the appearance of
a multi-purpose 1mpact sensor of the present invention.
FIGS. 2 and 3 show the construction of the 1impact sensor
according to the primary embodiment of this invention.

As shown 1n the drawings, the 1mpact sensor comprises a
disc-shaped weight 1 made of ferrous metals, nonferrous
metals, or morganic material, such as ceramic. The above
weight 1 1s attached to the center of the top surface of a
cathode plate 2 using an adhesive. The above cathode plate
2 1s made of a conductive metal and 1s vibrated along with
the weight when external impact 1s applied thereto. The
above cathode plate 2 1s an elastic member which elastically
restores 1ts original position when external impact 1s
removed from the plate 2. An annular spacer 4, having a
central opening 3, 1s positioned under the cathode plate 2.
The above spacer 4 1s precisely manufactured to have a
predetermined thickness suitable for a desired sensitivity
according to use. An anode plate §, made of a conductive
metal, 1s positioned under the spacer 4. The above anode
plate 5§ 1s free from being deformed regardless of external
impact. An amplifying device 6, consisting of a field etfect
transistor (FET) 7, 1s positioned under the anode plate 5. The
sensor also has a printed circuit board (PCB) 8, which has
a circuit pattern for electrically connecting the above-
mentioned elements to each other. The abovementioned
clements are set within a conductive metal case 9 while
being electrically connected to each other and being pro-
tected from external impact or electric noises. The lower end
of the case 9 1s bent inwardly to bring the cathode plate 2
into electric connection with the PCB 8. The cathode plate
2 and the anode plate § are respectively held by cathode and
anode holding rings 11 and 10 within the case 9, thus
accomplishing a stable arrangement. In the drawings, the
reference numerals 12 and 12' denote power terminals, and
13 denotes a condenser. 14 and 14' denote steps, and 15
denotes a sectorial opening. 16 denotes a connection rib, and
17 denotes a central weight seat. 18 denotes an anode seating
ogroove, and 19 denotes an insulating material.

In the 1impact sensor of the present invention, 1t 1s pref-
erable to make the drain and the source of the amplifying
device 6 pass through holes prior to welding the drain and
the source to associlated elements, thus accomplishing a
complete electric connection of the elements within the case

9.
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4

The above impact sensor 1s operated as follows.

When electric power of a power source 1s applied to the
power terminals 12 and 12', the drain and source of the FET
7 of the amplifying device 6 are turned on, and so the sensor
starts a normal operation. When external impact or vibration
1s applied to the sensor in the above state, the 1mpact or
vibration 1s transmitted to the weight 1 within the case 9,
thus allowing the weight 1 to vibrate along with the cathode
plate 2.

Due to such a vibration of the weight 1 along with the
cathode plate 2, the gap between the cathode and anode
plates 2 and 5 varies. That 1s, the gap between the cathode
plate 2, connected to the source of the amplifying device 6,
and the anode plate §, connected to the gate of the ampli-
fying device 6 having a high mnput impedance, varies so as
to change capacitance.

Such a change in capacitance 1s amplified by the ampli-
fying device 6 and 1s output from the drain of the amplifying
device 6 to the condenser 13. The changed capacitance 1is,
thereafter, output from the condenser 13 to an amplifier (not
shown) wherein the capacitance is amplified into an output
signal having a desired level. Theretfore, the impact sensor of
this invention may be preferably used i1n burglar-alarm
systems for automobiles, security systems for access control
areas, or alarm systems for a variety of automated industrial
equipment.

The multi-purpose 1mpact sensor of this i1nvention 1s
firmly encased so as to almost completely shield 1ts interior
clements from external electromagnetic waves or another
external 1impact, and so the sensor may be preferably used
without bemg limited 1n place.

In the multi-purpose 1impact sensor of this invention, both
the capacitance changing range between the cathode and
anode plates 2 and § and the sensitivity of the sensor are
controllable by changing the diameter of the central opening
3 of the annular spacer 4 or by changing the thickness of the
spacer 4. This allows the impact sensor of this invention to
be usable for many related purposes. In the present
invention, 1t 1s preferable to make the cathode and anode
plates 2 and 5 have the same diameter.

In addition, 1t 1s necessary for the weight 1 to have a
constant weight, and so 1t 1s more practicable to make the
welght 1 using a ferrous or nonferrous metal suitable for
being easily processed through a pressing process.

In the present invention, an operational amplifier (OP
amp) in place of the above-mentioned power saving-type
PET 7 may be used as the amplitying device 6 of the sensor.

It 1s also possible to design the size and weight of the
welght 1 of the 1mpact sensor according to this invention to
allow the weight 1 to be free from swinging regardless of
noise having an audio frequency or vibration having a
reasonable frequency. Therefore, the sensor of this invention
1s free from malfunction.

In the primary embodiment, the cathode plate 2 1s held by
the cathode holding ring 11 positioned above the cathode
plate 2, while the anode plate 5 1s held by the anode holding
ring 10 positioned under the anode plate §. However, 1t
should be understood that the cathode and anode plates 2 and
S may be held by steps 14 and 14' formed on the interior
surface of the case s sidewall as shown 1 FIG. 5.

On the other hand, the cathode plate 2 of this invention
may be designed to have a plurality of sectorial openings 135,
which are regularly formed on the plate 2. In the above
cathode plate 2, a central weight seat 17 1s held at the center
of the plate 2 while being connected to the outside ring
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through a plurality of connection ribs 16. When the weight
1 1s attached to the seat 17 using an adhesive material, the
cathode plate 2 allows the weight 1 to more sensitively
vibrate 1n response to external impact. This improves the
sensifivity of the 1mpact sensor.

In the 1mpact sensor of this invention, 1t 1s preferable to
form an anode seating groove 18 along the top end of the
anode holding ring 10 as shown 1n FIG. 2, thus allowing the
anode plate 5 to be spaced apart from the case 9. In addition,
an 1nsulating material 19 1s preferably set along the outside
cdge of the anode plate 5.

As described above, the present invention provides a
multi-purpose 1mpact sensor suitable for use 1n burglar-
alarm systems for automobiles or 1 security systems for
access control areas. The multi-purpose 1impact sensor of this
invention 1s free from a sealed space, a sealed structure or a
spring different from conventional 1mpact sensors, and so
the sensor has a small volume and a simple construction.
This mvention thus simplifies the process of producing the
impact sensors and reduces the production cost of the impact
SENSOrS.

Since the 1mpact sensor of this mnvention does not have
any spring, the sensor 1s free from nonuniform sensitivity
caused by nonuniform elastic modulus of such a spring. This
allows the 1mpact sensor to accomplish a desired operational
reliability.

In the present invention, a desirable uniform sensitivity of
the 1mpact sensor 1s controllable by changing the diameter of
the central opening of an annular spacer or by changing the

thickness of the spacer. This allows the 1impact sensor to be
usable for many related purposes.

The 1mpact sensor of this mvention i1s produced using
inexpensive materials, and so 1t 1s possible to remarkably
reduce the production cost of the 1impact sensors.

Although the preferred embodiments of the present inven-
fion have been disclosed for 1illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the 1nvention as disclosed 1n the
accompanying claims.

What 1s claimed 1is:

1. A multi-purpose impact sensor, comprising:

a metal case;
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an anode plate having a surface area and being set within
said case;

an clastic and oscillatable cathode plate having a high
restitution and being set within said case at a position
above the anode plate to form a gap;

a weight being seated at the center of the cathode plate,
said weight for vibrating upon transmission of impact
or vibration to vary the gap between said anode plate
and said cathode plate;

an annular insulating spacer having a predetermined
thickness and being positioned between the anode and
cathode plates;

a printed circuit board positioned under said anode plate;
and

an amplifying device positioned between said printed

circuit board and the anode plate.

2. The multi-purpose impact sensor according to claim 1,
wherein said weight 1s made of a metal.

3. The multi-purpose 1impact sensor according to claim 1,
wherein said annular spacer has a central opening.

4. The multi-purpose 1impact sensor according to claim 1,
wherein said amplitying device 1s a field effect transistor.

5. The multi-purpose 1impact sensor according to claim 1,
wherein said amplifying device 1s an operational amplifier.

6. The multi-purpose 1mpact sensor according to claim 1,
wherein a cathode holding ring and an anode holding ring
arec arranged above the cathode plate and under the anode
plate, respectively, so as to stably hold the cathode and
anode plates and to accomplish a stable arrangement of the
cathode plate, the annular spacer and the anode plate within
the case.

7. The multi-purpose 1impact sensor according to claim 1,
wherein a plurality of steps are formed on an interior surface
of a sidewall of said case so as to hold the cathode plate, the
annular spacer and the anode plate within the case.

8. The multi-purpose 1impact sensor according to claim 1,
wherein said cathode plate has a plurality of peripheral
openings, with a central weight seat being held at the center
of the cathode plate while being connected to an outside ring
of the cathode plate through a plurality of connection ribs,
said central weight seat being used for seating the weight
thereon.
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